tive antipsychotic drug. Studies of patients who had inadequate therapeutic response to conventional neuroleptic drugs have incontrovertibly demonstrated that clozapine is more effective than treatment with another conventional neuroleptic (1) (2) (3) (4) (5) (6) . Additional studies have suggested that clozapine may be superior to other atypical antipsychotics in controlling symptoms that are not responsive to conventional drugs in patients with chronic schizophrenia (7, 8) . Few studies, however, have examined the effectiveness of clozapine in patients who have not responded to an atypical antipsychotic drug. Moreover, because of clozapine's burden of serious side effects, it is not known whether multiple trials involving some or all of the newer atypical antipsychotics should be undertaken before treating a patient with clozapine (9) . Phase 2 of the Clinical Antipsychotic Trials for Interventions Effectiveness (CATIE) investigation was designed to address this question. In particular, patients who discontinued treatment with a newer atypical antipsychotic in phase 1 or 1B of the CATIE investigation because of suboptimal control of psychopathology were invited to undergo another random assignment to clozapine or to another atypical antipsychotic (olanzapine, quetiapine, or risperidone) other than what they had received in phase 1. However, such patients also had the option to select another phase 2 trial (Stroup et al., this issue), and patients who discontinued treatment in phase 1 or 1B for other reasons could also select "the clozapine trial."
Method

Study Setting and Design
The National Institute of Mental Health initiated the CATIE investigation to determine the comparative effectiveness of antipsychotic drugs. The rationale, design, and methods of the trials
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ajp.psychiatryonline.org have been described in detail (10, 11) . The trials were conducted between January 2001 and December 2004 at 57 clinical sites in the United States. The patients were initially randomly assigned to treatment with olanzapine, quetiapine, risperidone, ziprasidone, or perphenazine in the phase 1 trial. Patients with tardive dyskinesia at baseline were excluded from random assignment to perphenazine. Patients who discontinued treatment with perphenazine in phase 1 could subsequently enter a trial involving random assignment to olanzapine, quetiapine, or risperidone (phase 1B) before entering phase 2. Any patient who discontinued treatment with olanzapine, quetiapine, risperidone, or ziprasidone in phases 1 or 1B was eligible to participate in one of the phase 2 trials. If the assigned phase 2 treatment was effective, patients could continue it until the completion of either 18 months of study (including time spent in phases 1 and 2) or until they completed 6 months of treatment in phase 2 (even if the 6- Other racial groups include Asian (2%) and two or more races (1%). b Previously married and never married categories were combined such that the p value for the test of marital status results from a comparison between married and not married. c Baseline employment status and years of education in phase 1 were missing for one patient in the clozapine arm; hence, the corresponding column percentage is based on 48 patients. d Group size was clozapine (N=46), olanzapine (N=17), quetiapine (N=15), and risperidone (N=16). e Group size was clozapine (N=47), olazapine (N=17), quetiapine (N=15), and risperidone (N=15). f Median values for groups in the last row were the following: clozapine (3.0), olanzapine (2.8), quetiapine (3.1), risperidone (N=4.0), total (3.1). 
ajp.psychiatryonline.org month period extended beyond 18 months of total study treatment). This article reports the results of the phase 2 efficacy trial, recommended to individuals who discontinued the previous phase 1 treatment because of inefficacy.
Participants
Inclusion criteria were ages 18-65 years, a diagnosis of schizophrenia (determined by the Structured Clinical Interview for DSM-IV ), and decision-making capacity to provide informed consent. Exclusion criteria were mental retardation, other cognitive disorders, or past serious adverse reactions to any of the proposed treatments. Also excluded were patients experiencing their first psychotic episodes, patients with past evidence of profound treatment resistance, women who were pregnant or breast-feeding, or patients with serious, unstable medical conditions. Patients with brief prior periods of treatment with clozapine were allowed to enter the CATIE investigation as long as the reasons for stopping clozapine treatment had not been serious adverse events.
The appropriate institutional review boards approved the study at each site, and the patients or their legal guardians provided signed informed consent to participate.
Interventions
The patients assigned to clozapine (N=49) received open-label treatment. The schedule for dose titration and the maintenance doses were determined by the treating clinicians. Monitoring for agranulocytosis (weekly WBC counts) and myocardial inflammation (sedimentation rate, eosinophil count, creatine phophokinase level, and ECGs at baseline and after 1, 2, and 4 weeks of treatment) was standardized. The patients assigned to the newer atypical antipsychotics received blinded capsules containing olanzapine, 7.5 mg (N=19), quetiapine, 200 mg (N=15), or risperidone, 1.5 mg (N=16), starting with one capsule each day. Doses were adjusted by the treating clinician within the range of one to four capsules a day. Overlap administration of the antipsychotic each patient received in the preceding phase was permitted for the first 4 weeks to allow gradual transition to the new phase 2 medication. Adjunctive and concomitant medications were permitted throughout the trial, except for additional antipsychotics. The patients were seen at least monthly. The drug package insert for quetiapine specifies that it is to be given twice a day, whereas olanzapine and risperidone may be given once a day. To protect the blinding of treatment with the newer atypical antipsychotics, half of the patients randomly assigned to olanzapine and risperidone were assigned to twice a day and half to once a day dosing. To minimize initial side effects, the patients assigned to quetiapine began treatment by receiving one 100-mg capsule on days 1 and 2, one twice a day on day 3, and one for the first dose on day 4. All patients assigned to twice-a-day dosing received five identical capsules to begin treatment.
Objectives and Outcomes
We hypothesized that there would be significant differences in the overall effectiveness of clozapine, olanzapine, quetiapine, and risperidone, in particular, and that treatment with clozapine would be significantly more effective than treatment with some or all of the newer atypical antipsychotics.
The primary outcome measure, time until treatment discontinuation for any reason, represents a synthesis of clinician and patient judgments that an assigned treatment was sufficiently efficacious and sufficiently tolerable to continue from visit to visit. Secondary outcomes included time to discontinuation for inadequate therapeutic benefit, intolerable side effects, or patient decision.
Raters for psychopathology and adverse event assessments were aware of the patients' assignment to clozapine versus a newer atypical antipsychotic, but they were blind to which newer 
Statistical Methods
Randomly assigned patients who received at least one dose of study medication comprised the intent-to-treat group. The main objective was the evaluation of clozapine versus olanzapine, quetiapine, and risperidone. Time from the beginning of phase 2 until treatment discontinuation was estimated by Kaplan-Meier survival curves. Treatment groups were compared with Cox proportional hazards regression models (11), with adjustment for whether the patient had an exacerbation in the 3 months before entering the study, tardive dyskinesia status, and whether the patient was initially randomly assigned to perphenazine (and thus had an additional treatment phase before entering phase 2). The overall difference between the four treatments was evaluated with a three degrees of freedom (df ) test. If significant at p≤0.05, clozapine was then compared with each of the other atypical antipsychotics with a Hochberg adjustment for multiple comparisons (12) , in which the largest p value was compared to 0.05 and the smallest p value was compared to 0.05/3=0.017. In addition, the three atypical drugs were compared to each other relative to p≤0.05 by means of step-down testing: pairwise comparisons were evaluated only if the p value from the test with df=2 was ≤0.05. Similar analyses were conducted for time until phase 2 discontinuation because of lack of efficacy, intolerability, and patient decision. For these analyses, the patients discontinuing for any other reason were censored at the time of discontinuation.
Treatment groups were compared for change from phase 2 baseline score on the Positive and Negative Syndrome Scale (PANSS) (13) and the Clinical Global Impression (CGI) Scale severity score at months 3 and 6 by using an analysis of covariance (ANCOVA) with adjustment for whether the patient had an exacerbation in the 3 months before entering the study and baseline value. Time was classified into quarterly intervals of phase 2 treatment, represented by months 3, 6, 9, and 12. End-of-phase assessments were assigned to the next interval. Months 9-12 were excluded from statistical testing because of small group sizes.
Treatment groups were compared for baseline characteristics with an analysis of variance (ANOVA), a chi-square test, or Fisher's exact test. Overall treatment comparisons for safety outcomes are Figure 1 depicts the enrollment, allocation, and followup of study patients; 1,493 patients were enrolled in the study and randomly assigned to treatment in phase 1. Of the 1,052 patients who were eligible for phase 2, 99 patients (9%) entered the "efficacy pathway" described in this article, 444 patients (42%) entered the "tolerability pathway," and 509 patients (48%) did not enter phase 2. Table 1 displays the demographic and clinical characteristics of the 99 patients who were randomly assigned to treatment in phase 2. Their mean age was 39.7 years, and 81% were men; 64% were white, and 14% were Hispanic/ Latino. They had had, on average, 12.6 years of education; 86% were unemployed, and 74% had never married. There were no significant differences across the treatment groups on these measures.
Results
Baseline Characteristics and Disposition
In the preceding phase, 19% had received olanzapine, 37% quetiapine, 30% risperidone, and 13% ziprasidone; they had been treated with these medications, on average, for 4.5 months (SD=3.7) (median time to discontinuation= 3.1 months). In the preceding phase, 86% had discontinued treatment because of an inadequate therapeutic benefit, 5% because of unacceptable side effects, 8% based on patient decision, and 1% based on administrative decision. There were no significant differences across the treatment groups on these measures.
The mean phase 2 baseline PANSS total score was 87.6, and the mean CGI severity item score was 4.6, i.e., in the moderately to markedly severe range of illness for the group. There were no significant differences across the treatment groups on these measures. The 99 patients who entered the phase 2 efficacy trial were, on average, sicker than the other patients (N=1,361) who entered the CATIE investigation, even at phase 1 baseline (PANSS total scores: mean=80.6, SD=17.5, versus mean=75.3, SD=17.5) (t=2.9, df=1447, p=0.004). Over the course of their participation in phase 1/1B, these 99 patients' conditions worsened, as demonstrated by a 7.0 (SD=18.5) point increase in their PANSS total scores (within-sample t test of change: p<0.001).
In comparison to the 444 patients who entered the phase 2 tolerability trial, the 99 patients who entered the phase 2 clozapine trial were less likely to be women (19% versus 31%) (χ 2 =5.2, df=1, p<0.02) and more likely to have had four or more prior hospitalizations for schizophrenia (58% versus 48%) (χ 2 =4.8, df=1, p<0.03). The phase 2 baseline PANSS total scores were higher for the patients enter- 
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Of the 318 patients who discontinued treatment with a newer atypical antipsychotic in phase 1 or 1B because of inadequate therapeutic benefit, 85 entered this phase 2 efficacy trial, 184 entered the phase 2 tolerability trial, and 49 did not continue in the main CATIE pathways. These three groups did not differ on age or on PANSS total score at the phase 1 baseline.
Mean modal doses prescribed during the trial were 332.1 mg/day for clozapine, 23.4 mg/day for olanzapine, 642.9 mg/day for quetiapine, and 4.8 mg/day for risperidone. Fifty-nine percent of olanzapine-treated patients, The p values for laboratory parameters are based on a ranked ANCOVA with adjustment for duration of exposure to the phase 2 study drug. The p values for change in weight and QTc are based on an ANCOVA with adjustment for duration of exposure to phase 2 study drug. p values for safety parameters with sparse frequencies were not generated and are denoted by "not tested." b Percentages for "Menstrual irregularities" are based on the number of female patients: clozapine (N=9), olanzapine (N=1), quetiapine (N= 3), and risperidone (N=6). c Percentages for AIMS Severity Index ≥2 are based on the number of patients without tardive dyskinesia and with an AIMS Severity Index <2
at baseline and at least one postbaseline measure: clozapine (N=34), olanzapine (N=14), quetiapine (N=10), and risperidone (N=11). d Percentages for the Barnes Global Clinical Assessment ≥3 are based on the number of patients with a Barnes Global Clinical Assessment score <3 at baseline and at least one postbaseline measure: clozapine (N=41), olanzapine (N=17), quetiapine (N=13), and risperidone (N=13).
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Treatment Discontinuation
Discontinuation outcomes are presented in Table 2 and Figure 2 . Following random assignment in the phase 2 efficacy pathway, 69% (N=62) of the intent-to-treat patients discontinued treatment before completion of the study (median treatment duration=5 months).
Forty-four percent (N=20) of the clozapine-treated patients, 29% (N=5) of the olanzapine-treated patients, 7% (N=1) of the quetiapine-treated patients, and 14% (N=2) of the risperidone-treated patients continued taking Percentages for the Simpson-Angus Extrapyramidal Rating Scale score ≥1 are based on the number of patients with Simpson-Angus Extrapyramidal Rating Scale score <1 at baseline and at least one postbaseline measure: clozapine (N=41), olanzapine (N=16), quetiapine (N=12), and risperidone (N=13). f Percentages for weight gain are based on the number of patients with a baseline body weight value and at least one postbaseline measure:
clozapine (N=41), olanzapine (N=16), quetiapine (N=13), and risperidone (N=11). g Range for weight change is the 5th percentile to 95th percentile, which excludes extreme outliers. h Patients were instructed to fast; nonfasting results were not excluded. The exposure-adjusted mean is the ANCOVA least-squares mean with adjustment for duration of exposure to phase 2 study drug. Because hemoglobin A1c was added to the protocol as part of a protocol amendment, the numbers of patients with a baseline and postbaseline assessment were smaller for this test: clozapine (N=15), olanzapine (N=7), quetiapine (N=3), and risperidone (N=4). For all other laboratory parameters: clozapine (N=39), olanzapine (N=16), quetiapine (N= 13), and risperidone (N=11). Conversion of conventional units to International System of Units was as follows: blood glucose: mg/ dl*0.05551=mmol/l, hemoglobin A1c: %*0.01=value, cholesterol: mg/dl*0.02586=mmol/l, triglycerides: mg/dl*0.01129=mmol/l, prolactin: ng/ml*1=g/l. *p<0.05.
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ajp.psychiatryonline.org their phase 2 medication for the duration of the trial. Median time until treatment discontinuation for any reason was 10.5 months for the clozapine-treated patients, 2.7 months for the olanzapine-treated patients, 3.3 months for the quetiapine-treated patients, and 2.8 months for the risperidone-treated patients (Figure 2 ). Clozapine was significantly superior to quetiapine (hazard ratio= 0.39, p=0.01) and risperidone (hazard ratio=0.42, p<0.02) but not olanzapine. We repeated this analysis including only the intent-to-treat patients who discontinued phase 1/1B because of an inadequate therapeutic response (N= 78). The results are similar, with clozapine (median time to discontinuation=13.7 months) significantly superior to quetiapine (3.4 months, hazard ratio=0.37, p<0.02) and risperidone (2.3 months, hazard ratio=0.20, p<0.001) but not olanzapine.
Treatment discontinuation due to lack of efficacy. Eleven percent (N=5) of the clozapine-treated patients, 35% (N=6) of the olanzapine-treated patients, and 43% (N=6) of both the quetiapine-and the risperidone-treated patients discontinued treatment because of lack of efficacy ( Figure 2 ). Clozapine was significantly superior to olanzapine (hazard ratio=0.24, p<0.02), quetiapine (hazard ratio=0.16, p=0.004), and risperidone (hazard ratio= 0.16, p=0.003).
Other reasons for treatment discontinuation. There were no significant differences between the treatments in time to discontinuation because of intolerable side effects or patient decision ( Figure 2 ).
Psychopathology
At the 3-month assessment, the patients assigned to clozapine had greater reductions in the PANSS total score (mean=-11.7, SE=3.2) than the patients assigned to quetiapine (mean=2.5, SE=4.8, p=0.02) or risperidone (mean= 4.1, SE=1.9, p<0.03) but not olanzapine (Table 3) . A similar pattern was seen on the PANSS general psychopathology subscale, although clozapine was only substantially better than quetiapine. The patients assigned to clozapine had greater reductions on the Clinical Global Impression Scale for severity at 3 months (mean=-0.7, SE=0.1) compared to the patients assigned to olanzapine (mean=0.1, SE=0.2, p<0.02) and quetiapine (mean=0.2, SE=0.3, p=0.003).
Adverse Events
Adverse events and side effects are listed in Table 4 . Because of small groups, outcomes were highly variable. All patients who entered this trial were treated with another newer antipsychotic at baseline; this may have decreased the likelihood that we would detect "new" occurrences of adverse events that have been associated, to a greater or lesser degree, with all of the antipsychotics used (e.g., weight gain). Insomnia was most common with risperidone (31%) and least common with clozapine (4%). Anticholinergic symptoms (urinary hesitancy, dry mouth, constipation) were most common with quetiapine (47%) and somewhat common with clozapine (20%). Sialorrhea was most common with clozapine (33%). There were no noteworthy differences across the treatment groups in metabolic measures or the rate of use of hypoglycemic or lipid-lowering treatments. Prolactin levels rose in patients treated with risperidone and fell in patients in the other three treatment groups. In the clozapine group, one patient had a serious adverse event of eosinophilia, and one patient developed agranulocytosis. Both events led to discontinuation of treatment.
Discussion
This study is the first to compare clozapine to the newer atypical antipsychotics in a population of patients prospectively determined to have not improved during treatment with another newer antipsychotic drug. In this group of patients who had just discontinued a course of treatment with a newer atypical antipsychotic, treatment with clozapine was significantly more effective than switching to another of the newer atypical antipsychotics. In particular, patients receiving clozapine were significantly less likely to discontinue treatment for any reason than patients receiving quetiapine or risperidone. In addition, patients receiving clozapine were less likely to discontinue treatment because of inadequate therapeutic response than were patients receiving any of the newer atypical antipsychotics. These advantages for clozapine were strong enough to achieve statistical significance despite small groups.
The results of this study are consistent with previous studies finding clozapine more effective than conventional antipsychotics. Essock et al. (6) randomly assigned 227 severely ill patients with schizophrenia or schizoaffective disorder in Connecticut state hospitals to up to 2 years of open-label treatment with either clozapine or usual care with conventional neuroleptics. Clozapine-treated patients had fewer extrapyramidal side effects and disruptiveness than patients treated with usual care, but the groups did not differ on severity of psychopathology or quality of life. Clozapine-treated patients were not more likely to be discharged, but once they were, they were less likely to be readmitted. Of the 136 patients who began treatment with clozapine, 74% were still receiving clozapine at 1 year, and 66% were still receiving clozapine at 2 years. Of note, by the end of 2 years, 66% of the patients assigned to usual care had begun a trial of clozapine. Rosenheck et al. (14) randomly assigned 423 patients with treatment-resistant schizophrenia to up to 1 year of double-blind treatment with either clozapine or haloperidol. Fifty-seven percent of the clozapine-treated patients but only 28% of the haloperidol-treated patients completed the year of treatment. Clozapine-treated patients had slightly but significantly lower psychopathology scores and better qualityof-life scores than haloperidol-treated patients. Cloza-
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The major limitation of this study was that clozapine was administered open label. This could have led to bias in treatment discontinuation decisions by clinicians who viewed clozapine as the patients' "last best shot" at recovery and who, therefore, kept patients treated with clozapine longer. On the other hand, clozapine's burden of lifethreatening side effects could also lead clinicians to discontinue patients who were not showing an early response. In addition, clozapine-treated patients had more frequent contact with clinical staff because of weekly laboratory monitoring and prescription renewals. In keeping with the effectiveness model of the CATIE investigation, we wished to preserve the ecological validity of all treatments; the blinding of treatment with clozapine would have required monitoring of all treatment groups for safety issues specific to clozapine. In addition, our group was small and did not offer adequate power for reasonable comparisons across the treatment groups on all adverse events.
Only 85 of 318 (27%) of the patients who discontinued a newer atypical antipsychotic in phase 1 because of inadequate therapeutic effects entered the phase 2 clozapine trial. Despite its therapeutic advantages, clozapine has been underused (15, 16) , perhaps because of the array of serious side effects it may cause; these include agranulocytosis, myocarditis, other inflammatory reactions, seizures, obesity, diabetes mellitus, and other metabolic abnormalities. Extensive monitoring is required to avoid the consequences of these side effects (17, 18 ). An argument can be made to establish specialized "clozapine clinics" within systems of care, which have standardized monitoring in place to detect these side effects early and experienced clinicians who can intervene rapidly to limit their deleterious effects. Given the superior effectiveness of clozapine relative to all other antipsychotics, efforts to develop models of service delivery that would encourage its greater use are warranted.
